High complication rate among patients undergoing appendectomy in Ontario: a population-based retrospective cohort study Background: Appendectomy is a common emergency procedure. The risks have been reported in previous studies but often are limited to inpatient complications. The purpose of this study was to describe inpatient and outpatient rates of complications associated with appendectomy in a contemporary population-based cohort and explore factors associated with these complications. 
T he lifetime risk of appendicitis has been reported to be as high as 9%. 1 Appendectomy is one of the most common procedures performed by general surgeons, following only laparoscopic cholecystectomy and inguinal hernia repair. 2 Most appendectomy procedures are performed in an emergency setting for acute appendicitis. Appendectomy in patients suspected of having appendicitis has been a mainstay of treatment, and physicians intervene early to avoid the risks associated with perforation. The incidence of perforation of the appendix among those who undergo appendectomy is 25%-35%, 1, 3, 4 and perforation has been shown to increase the risk of postoperative complications. The complication rate is as high as 25% in patients with a perforated appendix, compared to 10% in similar patients without perforation. 4 The risks of appendectomy have been assessed in large studies. [4] [5] [6] [7] Prior Canadian publications are outdated. 3, 8 Most contemporary studies describe short-term complications occurring during the index admission, with rates ranging from 4% to 26%. Typically assessed complications include surgical site and urinary tract infections, ileus, intraabdominal abscess, bleeding and death; [4] [5] [6] [7] however, these large studies did not evaluate several clinically relevant complications, such as lengthy hospital stay, emergency department visits and/or readmission to hospital. These are important to both the clinician and the patient, as they can account for increased hospital costs and resource use, and delayed return to normal activity and work. To our knowledge, a comprehensive evaluation of potential complications from appendectomy, including those occurring beyond the index hospital admission, has not been previously reported. The purpose of this study was to better delineate clinically relevant risks associated with appendectomy in a large contemporary population-based cohort.
Methods

Study cohort
We conducted a population-based retrospective cohort study in Ontario, a province with a population of about 13.6 million and a single-payer universal health insurance program. The study cohort was identified by means of linked administrative data within the Institute for Clinical Evaluative Sciences (ICES) to identify all incident cases of appendicitis in patients who underwent emergency appendectomy between Apr. 1, 2009, and Feb. 28, 2015 . Patients with appendicitis were identified by means of International Classification of Diseases diagnostic codes, Canadian Classification of Health Interventions procedure codes and Ontario Health Insurance Plan billing codes. Codes for laparoscopic appendectomy, other appendectomy and appendectomy for ruptured appendix were included.
We obtained patient, surgeon, diagnostic and treatment information through the linked data holdings contained within ICES and accessed through ICES Queen's. These data holdings included the Canadian Institute for Health Information Discharge Abstract Database and National Ambulatory Care Reporting Service, the Ontario Health Insurance Plan, the Registered Persons Database and the ICES Physician Database. These data sets were linked by means of unique identifiers and analyzed at the ICES.
Measures and outcomes
The primary outcome for this study was a complication occurring within 30 days of surgery. "Complication" was a composite outcome and included any of the following: death, readmission to hospital, emergency department visit, percutaneous drain insertion, reoperation, prolonged (> 7 d) postoperative index hospital stay or presence of 1 of the predefined complication diagnostic codes (Appendix 1, available at canjsurg.ca/011517-a1). Secondary outcomes included operative time, length of stay and hospital costs. We calculated costs of the hospital stay using the resource intensity weight and case-mix severity of each patient's stay, identified from the Discharge Abstract Database. 9 Hospital costs were reported in 2015 Canadian dollars.
We examined several patient and clinical predictors of surgical complications, including age, income quintile and patient residence (urban v. rural), as found in the Registered Persons Database. We identified perforation status through Ontario Health Insurance Plan codes, and surgical technique (laparoscopic v. open surgery) through Canadian Classification of Health Interventions codes. We determined the time between presentation at triage and operative start time, and the time of day the procedure was performed using the Discharge Abstract Database and National Ambulatory Care Reporting Service databases. The time of appendectomy was defined as day (8 am-5 pm), evening (5 pm-12 am) or night (12 am-8 am) .
Statistical analysis
We used univariate analysis to estimate associations between predictors and surgical complications using modified Poisson regression model. Predictors of specific complications (readmission, emergency department visits, lengthy hospital stay, percutaneous drain insertion and reoperation) were estimated. We assessed differences in secondary outcomes (mean operative time, length of stay and costs of the hospital stay) using t tests. Statistical analysis was completed with SAS version 9.3 (SAS Institute).
Results
Study population
A total of 50 369 patients underwent appendectomy performed by 778 surgeons during the study period. The number of appendectomy procedures per surgeon over the study period ranged from 1 to 421 (median 54.5 [interquartile range 16.5-97.5]).
Patient demographic and clinical characteristics are summarized in Table 1 
Complication rates
A total of 14 451 patients (28.7%) had at least 1 predefined complication within 30 days of surgery (Table 2) . Complications were more common among patients with a perforated appendix (6023 [35.5%]) than among those without Time from triage to operating room, h, mean ± SD 13.6 ± 11.8 12.7 ± 9.2 18.5 ± 100.8
Time from triage to operating room, h In all, 7942 patients (15.8%) re-presented to the emergency department, and 2074 (4.1%) were readmitted to hospital. Among those who re-presented to the emergency department, the median time between surgery and presentation was 4.5 (interquartile range 1.5-1.5) days. was longer and hospital costs were higher in the complication group than in the no-complication group (p < 0.001 for both).
Factors associated with complications
In univariate analysis, increasing age was associated with any complication, percutaneous drainage of an abscess, reoperation, readmission to hospital and lengthy hospital stay (Table 4) . Compared to female patients, male patients were less likely to have a complication (relative risk [RR] 0.86, 95% CI 0.84-0.88) and to present to the emergency department (RR 0.83, 95% CI 0.79-0.86), and were more likely to require abscess drainage (RR 1.34, 95% CI 1.15-1.56). Rural patients were more likely than urban patients to have a complication (RR 1.20, 95% CI 1.16-1.25), to represent to the emergency department (RR 1.36, 95% CI 1.29-1.44) and to have a prolonged hospital stay (RR 1.37, 95% CI 1.22-1.54), and were less likely to require abscess drainage (RR 0.72, 95% CI 0.55-0.95). Appendix perforation increased the risk of all assessed complications. Longer time from triage to surgery was associated with an increased risk of complications, readmission and prolonged hospital stay. Compared to operations performed in the evening and at night, those performed during the daytime were associated with a higher risk of any complication. Laparoscopic surgery reduced the risk of any complication, reoperation, lengthy hospital stay and emergency department visit.
discussion
In this population-based study of appendectomy in a large contemporary cohort of patients in Ontario, the complication rate was high (28.7%), with surgical site infections, cardiac complications, urinary tract infections and pneumonia being the most common diagnoses. Emergency department visits within 30 days of surgery were common (15.8%); lengthy hospital stays (4.2%) and readmission to hospital (4.1%) occurred less frequently. Perforation status was the strongest predictor for the development of any complication. We also found that open appendectomy and female sex strongly predicted complications.
The complication rate in our study is much higher than rates reported in previously published series, especially in patients without perforation. Masoomi and colleagues reviewed close to 3 million appendectomy procedures performed in the United States between 2004 and 2011 identified through the National Inpatient Sample and found that the overall complication rate was 11%, with complications occurring in 5%-10% of patients without perforation depending on the type of surgery (laparoscopic v. open), compared to the complication rate of 25.2% in nonperforated cases in our study. The data for their study were taken from discharge records and therefore did not include complications identified after discharge. The risk of surgical site infection was much higher in the present study than in the study by Masoomi and colleagues 4 (9.5% v. 0.4%-0.6%), whereas rates of urinary tract infection (1.7% v. 1.2%-1.5%) and death (0.2% v. 0.05%-0.6%) were similar. The differences in surgical site infections may be due to differences in how these infections were defined.
Another large US study included 32 683 patients from the National Surgical Quality Improvement Program from 2005 to 2008. 6 This study showed a complication rate of 5.5%, with surgical site infections (4.1%) being the most common complication diagnosed. The mortality rate was 0.09%. Although complications that occurred up to 30 days after inpatient admission (as defined by the American College of Surgeons 10 ) were included, the authors did not include readmission, presentation to the emergency department or prolonged hospital stays in their analysis. In a study from Taiwan that included 166 690 patients who underwent appendectomy between 2001 and 2008, the readmission rate J can chir, 2018 was 1.3%, compared to 4.1% in the current study. 7 Emergency department visits were not reported. These large studies showed that laparoscopic appendectomy was associated with decreased risk of complications, similar to our findings.
Presentation to the emergency department following discharge was the most common complication in our cohort (15.8%). A previous single-centre study in pediatric patients who underwent appendectomy for acute appendicitis from 2007 to 2010 showed similarly high rates of emergency department visits (18.9%). 11 Of these visits, 43% were for minor, potentially avoidable concerns. 11 In another single-centre study, Aiello and colleagues 12 assessed adult patients who underwent appendectomy over a 4-year period and found that 48% of postdischarge presentations to the emergency department were due to pain issues and 13% were due to minor wound issues. If these findings are true within our study population, there is an opportunity to decrease emergency department visits with better patient education and access to outpatient clinics.
Strengths and limitations
The strength of our study is the more inclusive nature of how complications were defined in a contemporary cohort of patients undergoing surgical management of appendicitis. We included patients who had a diagnosed complication, those who re-presented to the emergency department, those who had a prolonged hospital stay and those who required a reintervention following surgery. This definition is more representative of the patient experience than existing definitions in the literature, which are often limited to the immediate index hospital admission.
Limitations include those inherent in large populationlevel studies, such as the risk of misclassification of diagnostic codes. In addition, precise details of the hospital course and clinical decision-making are not available in these administrative data sets. We assumed that the reasons for emergency department visits and/or readmission to hospital were due to issues related to the surgery; however, patients may have had issues unrelated to this. The median time of presentation to the emergency department after surgery was 4.5 days. In addition, the study population was relatively young (mean age 39.9 yr). It therefore seems unlikely, although not impossible, that the emergency department visit was attributable to an unrelated problem. Consequently, the rate of emergency department visits and readmissions may have been overestimated, which would affect our study conclusions. Finally, given the lack of pathology reports, we were not able to identify patients who underwent appendectomy but did not actually have appendicitis.
conclusion
The present study shows that the rate of complications following appendectomy is higher than previously reported. This elevated risk is largely a manifestation of the inclusive nature of complications included in our study. We found that emergency department visits occurred more frequently than any other complication assessed. Clinicians should be aware that many patients who undergo appendectomy return to the emergency department, and this may represent an opportunity for improvement in patient care.
